Peroxynitrite-induced reactions of synthetic oligo 2'-deoxynucleotides and DNA containing guanine: formation and stability of a 5-guanidino-4-nitroimidazole lesion.
Peroxynitrite is a strong oxidizing agent that is formed in the reaction of nitric oxide and superoxide anion. It is capable of oxidizing and nitrating a variety of biological targets including DNA, and these modifications may be responsible for a number of pathological conditions and diseases. A recent study showed that peroxynitrite reacts with 2',3',5'-tri-O-acetylguanosine to yield a novel compound, tri-O-acetyl-1-(beta-D-erythro-pentafuranosyl)-5-guanidino-4-nitroimidazole, and, unlike other peroxynitrite-mediated guanine oxidation products, it is a stable and significant component formed even at low peroxynitrite concentrations. In this work, we studied the in vitro formation of the guanine-derived product, 5-guanidino-4-nitroimidazole, in synthetic oligonucleotides and DNA treated with peroxynitrite. When calf thymus DNA or oligonucleotides were reacted with peroxynitrite at ambient temperature, the modified base 5-guanidino-4-nitroimidazole was generated along with several other products. The oligonucleotides containing the 5-guanidino-4-nitroimidazole modification were purified by reverse-phase and anion-exchange HPLC and characterized by matrix-assisted laser desorption mass spectrometry. 5-Guanidino-4-nitroimidazole formation in peroxynitrite-treated DNA was characterized after enzymatic digestion of the reacted DNA to the nucleoside level. HPLC purification and electrospray ionization mass spectrometry (with selected reaction monitoring) enabled the analysis of this modified nucleoside with high sensitivity. The yield of 5-guanidino-4-nitroimidazole formed in single-stranded DNA was approximately 10-fold higher than that found in duplex DNA. With calf thymus DNA, 5-guanidino-4-nitroimidazole was dose-dependently formed at low peroxynitrite concentrations. In stability tests, a synthetic oligonucleotide containing the 5-guanidino-4-nitroimidazole modification was only partially cleaved by hot piperidine and was a weak substrate for Fpg glycosylase repair enzyme; in addition, this site was not cleaved by endonuclease III. These results suggest that nuclear DNA containing 5-guanidino-4-nitroimidazole may not be quickly repaired by DNA repair enzyme systems. Finally, primer extension experiments revealed that this lesion is a potential DNA replication blocker when polymerization is catalyzed by polymerase alpha and polymerase I (Klenow fragment, lack of exonuclease activity) but not with human polymerase beta. Replication fidelity experiments further showed that 5-guanidino-4-nitroimidazole may cause G-->T and G-->C transversions in calf thymus polymerase alpha and E. coli polymerase I.